Interest in a multimode approach to surveys has grown substantially in recent years, in part due to increased costs of face-to-face (FtF) interviewing and the emergence of the Internet as a survey mode. Yet, there is little systematic evidence of the impact of a multimode approach on survey costs and errors. This article reports the results of an experiment designed to evaluate whether a mixed-mode approach to a large screening survey would produce comparable response rates at a lower cost than an FtF screening effort. The experiment was carried out in the Health and Retirement Study (HRS), an ongoing panel study of Americans over age 50. In 2010, HRS conducted a household screening survey to recruit new sample members to supplement the existing sample. The experiment varied the sequence of modes with which the screening interview was delivered. One treatment offered mail first, followed by FtF interviewing; the other started with FtF and then mail. A control group was offered only FtF interviewing. Results suggest that the mixed-mode options reduced costs without reducing response rates to the screening interview. There is some evidence, however, that the sequence of modes offered may impact the response rate for a follow-up in-depth interview.
Introduction
Interest in the use of multiple modes of data collection has increased recently (de Leeuw 2005) . This interest has been spurred by several factors. First, technological development has led to the creation of new survey modes-primarily the Internet. Second, the declining coverage of landline random-digit dialing surveys has turned attention to the use of addressbased sampling with multiple modes of data collection. For example, under such a design, addresses for which a telephone number can be obtained are assigned to the telephone mode; addresses for which there is no telephone number are assigned to the mail mode. Third, declining response rates across sampling frames and modes have led researchers to use multiple modes of data collection as a way to control costs and raise or at least maintain response rates (de Leeuw 2005) . Fourth, increasing survey costs have led survey organizations to consider alternative, lower cost approaches to conducting surveys.
The use of multiple modes requires consideration of the many possible impacts of collecting data in this manner. The different modes may produce different types of response error. For instance, the presence of an interviewer in either telephone or face-to-face (FtF) interviewing may induce social desirability bias that is not present in self-administered survey modes such as mail or the Internet. Different modes may also be associated with different nonresponse errors. Some sampled units may be more likely to be interviewed in one mode than another. For example, a recent metaanalysis (Manfreda et al. 2008) showed that surveys administered over the Internet tend to have lower response rates than other modes. If persons who would respond to either a telephone or Internet request to complete a survey are different than those who would respond to the telephone request but not to an Internet request, then these modes could experience differential nonresponse bias. These errors of response and nonresponse may also interact across the multiple modes. For instance, the measurement error of a mode may be worse when the mode is used as a follow-up among nonrespondents to a previous mode. In designing a multiple mode survey, it is important to consider all the potential sources of error and ways in which they may interact. This ''total survey error'' perspective is advocated for multiple mode surveys in particular by de Leeuw (2005) .
In terms of the impact of the sequence of modes, there are disparate results in the existing literature. Among the earliest studies of the effect of mode were those conducted by Hochstim (1967) and Siemiatycki (1979) . The major finding of both studies was that the response rates were very similar for several mixed-mode designs including mail, telephone, and FtF contacts, but that costs were much less for sequences that began with the cheaper modes-mail and telephone.
Several more recent studies have reported similar findings. Rodriguez et al. (2006) found that different sequences of mail, Internet, and interactive voice response (where a recorded voice asks questions and the respondent selects numbers on the telephone keypad to respond) surveys produced similar response rates. McMorris et al. (2009) found that the two sequences of Internet and FtF interviewing produced comparable response rates and estimates. In a recent study, Dillman, Phelps, et al. (2009) compared several mixed-mode designs and found that mail followed by telephone performed as well on response rate as telephone followed by mail. In all these research studies, the sequence of modes has not mattered in terms of the final response rate.
On the other hand, there are several studies for which the sequence of modes does make a difference. McHorney et al. (1994) conducted a survey that used a sample of respondents to the General Social Survey (GSS, a national survey on societal trends in the United States that has been ongoing since 1972). As a result, they had all of the information obtained in the GSS interview for both respondents and nonrespondents to their survey. While Dillman, Phelps, et al. (2009) found that the sequence did not matter in relation to the response rate, McHorney and colleagues (1994) found differences in response rates across the two sequences-telephone followed by mail (68.9%) and mail followed by telephone (79.2%). Harris et al. (1997) also found differences in response rates across these two sequences, but the direction of the difference was reversed. That is, they found that a mail survey with telephone follow-up had a 50% response rate while a telephone survey with mail follow-up had a 73% response rate. This study also found differences in item-missing data across the two sequences. Beebe et al. (2007) compared response to a web survey of physicians followed by mail to a mail survey followed by web. They found that the web/mail sequence had a lower response rate (62.9%) compared to the mail/web sequence (70.5%). They also found that the web/mail sequence was completed faster. Smyth et al. (2010) found that a mail survey with web follow-up produced higher response rates (71.1%) than a web survey followed by a mail survey (55.1%). Similar results were obtained in other studies (Borkan 2010; Converse et al. 2008) .
However, in many of these studies, the effort applied at each phase is either not equivalent or well controlled. For example, in the study by McMorris et al. (2009) , the field period was a short duration. As a result, the treatment arm that received the web survey first and then the FtF treatment may have had fewer FtF attempts than the arm that had FtF interviewing as the first mode. In the study by Smyth et al. (2010) , which compared web-mail, mail-web, and the choice of web or mail, the first mode in the web-mail and mail-web arms received an additional mailing while the follow-up mode only received a single mailing, thus increasing the dosage of the first mode as well as delivering them in a different sequence. These differences in the treatment were largely a result of the fact that evaluating the sequence of modes was not an explicit goal of the study.
We were concerned that a mixed-mode approach might harm response rates in a survey that had previously been conducted using only FtF interviewing. In the context of a mixed-mode approach, the fear is that if a mode with an expected lower response rate is tried earlier in a sequence, this will increase resistance to later attempts in a different, more effective mode. This is similar to the ''contamination'' hypothesis from the research on doorstep interactions (Groves and Couper 1998) . In the context of large FtF surveys, there is a concern that if interviewers press the request to complete the survey in early interactions, they will increase resistance to the survey. In addition, as can be seen from the review of the literature, very little recent research has looked at mixed-mode surveys with FtF interviewing as one of the modes. Following the results of the early studies conducted by Hochstim (1967) and Siemiatycki (1979) , most mixed-mode surveys start with the cheaper mode and reserve the more expensive mode for follow-up with a smaller number of cases.
In our case, there were concerns that beginning with a mailed survey might contaminate the sample and harm our ability to attain high response rates. We also hypothesized that a mixed-mode survey could be completed for a lower overall cost. The present study reviews the results of an experiment designed to determine whether a mixed-mode approach to the screening survey could attain comparable response rates to an FtF screening survey. The experiment would also be used to determine whether and how much cost savings the mixed-mode approach would offer. If the mixed-mode design can produce similar response rate at a lower cost, then it would be preferred. In addition, we consider whether the sequence of modes used in the mixed-mode design impacts the ability to complete a follow-up in-depth interview with persons who are identified as eligible.
Method
The Health and Retirement Study (HRS) is a national panel survey of persons over the age of 50 in the United States. Participants are interviewed either in person or by telephone every 2 years and are also invited to participate in mail and Internet surveys in-between interview waves. The primary focus of the study is on the interrelationship between health and economic status in the years leading up to and following retirement.
In 2010, the HRS was adding to its sample of persons 51-62 years of age (specifically, persons born between 1948 and 1959) . This sample was meant to supplement a sample selected and interviewed in 2004. The sample for this supplement is a multi-stage area probability sample. The sample was selected in stages starting with primary sampling units (PSUs, counties, or metropolitan statistical areas). Within sampled PSUs, a sample of neighborhoods was selected. These secondary sampling units (SSUs) were defined by the geographic boundaries of census blocks. Within each SSU, a sample of housing units was selected. The sample of housing units was selected from the list of all housing units in each SSU since the sampling frame does not contain information about which housing units are occupied, nor does it contain information about which housing units contain persons in the eligible age group. The selected housing units were then screened to determine if there was an eligible person present. For each sampled housing unit, a screening interview was attempted. This interview collected information about each person living in the household. This was used to determine if a person born between 1948 and 1959 lived in the household. If so, that person and his or her spouse or partner (if coupled) were asked to complete an in-depth interview for the HRS.
The sample of housing units was released in three replicates, or subsampled portions of a larger sample. Since the 2010 sample was a supplement meant to increase the number of minorities in the panel, the sample was selected from areas with at least 10% black population or at least 10% Hispanic population. When combined with the earlier sample, the new cohorts of persons born between 1948 and 1959 is a fully representative national sample.
For the purposes of this experiment, two random samples of SSUs were selected from across all SSUs that were part of the third release of sample, one for each of two treatment groups. As described in more detail below, one treatment group (Mail-FtF) received a mail screener survey first, followed by an FtF interview request. The other treatment group (FtFMail-FtF) received an FtF interview request first, followed by a mail survey; ultimately, nonrespondents to the mail survey were returned to the field staff for FtF follow-up. The goal was to select about 1,000 sampled housing units for each treatment group. In the end, for the Mail-FtF group, 23 SSUs from 21 PSUs were selected. The selected SSUs for this group contained 992 sampled housing units. For the FtF-Mail-FtF group, 22 SSUs from 21 PSUs were selected. The selected SSUs for this group contained 1,168 sampled housing units. The remainder of the sample not selected for either experimental treatment consisted of 8,161 lines in 191 SSUs from 58 PSUs. This latter sample can be considered a control group that was given only the FtF treatment. The sample sizes varied from the expected sample sizes since the SSUs were of unequal sizes.
The first step in the process of adding new members to the HRS panel was to complete a screening interview-either by mail or by FtF depending on the treatment and timing of completion. The screening interview was brief-the main part of the survey included questions asking an informant to list all adult household members along with their race/ethnicity, marital status, and age. The screening survey was very similar in content to the Decennial Census. Since it closely followed the Decennial Census, it was thought that familiarity with this type of questionnaire might improve response to our survey. After the screening interview was completed, interviewers attempted to contact identified eligible persons to set an appointment to complete the in-depth interview. The two interviews are conducted on two separate occasions. The in-depth interview included questions about health, plans for retirement, and-for a random subset of eligible persons-a set of physical measurements administered by the interviewer. It was a requirement of the survey that the in-depth interview be conducted FtF, although in some rare circumstances a telephone interview was allowed.
The mailed screening survey consisted of a letter explaining that an interviewer from the University of Michigan's Survey Research Center would be in the area conducting surveys for which members of the household may be eligible. It also included a form with questions asking an informant to list all adult members of the household and their age, marital status, race, and ethnicity. A $2 prepaid incentive was included with the initial mailing. For the mailed survey component of each treatment arm, the nonrespondents to the initial mailed survey were sent another mailed survey after 2 weeks. The cases that were designated for FtF mode attempts were sent a prenotification letter but did not receive an incentive to conduct the screening interview as part of the FtF attempts.
The calling strategy for the FtF mode across the three arms was determined by the interviewers, as is typical for an FtF survey. Interviewers are given general training about good times to call and how to organize efficient trips to sampled segments. But they make the decision about how to approach the work. In this environment, it is difficult to guarantee that equal effort will be applied to all cases. Previous studies have shown that interviewers vary in their ability to establish contact (Campanelli et al. 1997; Durrant and Steele 2009; Pickery and Loosveldt 2002; Purdon et al. 1999) . However, productivity and response rates were monitored at the interviewer level on a daily basis. Interviewers who were performing at lower rates of efficiency or quality received advice and help from supervisors. In addition, relatively high targets for response rates were set, which required high level of effort be applied to all cases that were difficult to contact or from whom it was difficult to gain cooperation.
The samples were released for production in late June-early July 2010. The samples for the FtF control group and the FtF-Mail-FtF treatment group were released to interviewers in late June. Both of these groups were sent a prenotification letter. The letter announced that an interviewer from the University of Michigan's Survey Research Center would be in the neighborhood to determine if anyone in the household is eligible for an important survey. After 5 weeks in the field, the nonfinal sample-that is, the portion of the sample that had not been finalized as a completed interview, non-sample unit, or final refusal-from the FtF-Mail-FtF group was sent a mail survey. A second mailing of the mail survey was sent 2 weeks later during the 7th week of the field period to sample units that had not responded to the first mail survey. Finally, the nonfinal sample in the FtF-Mail-FtF group was returned to field staff 5 weeks after the first mailing, during the 10th week of data collection.
The first mailing of the mail survey for the Mail-FtF group went out on July 13 and 14. A second mailing was sent 2 weeks later. Five weeks after the initial mailing, the nonfinal sample from the Mail-FtF group was transferred to field staff for FtF attempts. Figure 1 shows the sequencing of the treatments for the three arms.
All cases were worked until an overall 70% screening response rate had been achieved in December 2010. At that point, a two-phase sampling approach was implemented (Hansen and Hurwitz 1946) . A 50% subsample of the remaining active cases was selected for follow-up. At the point at which the subsampling was carried out, both arms of the experiment had completed the mailed portion of the survey data collection effort. Cases that were selected for follow-up then received a weighting factor of two to account for this sampling. The analyses reported here use those weights unless otherwise noted.
All response rates are calculated using American Association for Public Opinion Research (AAPOR) response rate 1 calculations (AAPOR 2011). Under this calculation, the denominator of the screening response rate is the total sample size minus the count of nonsample cases (largely unoccupied housing units). The numerator is the count of completed screening interviews. There were no partial interviews to the screening interview. We also report an interview rate (in-depth interview) for identified eligible persons. These rates are reported using two sets of weights. The first set of weights account for the two-phase sampling. Since the two phases are so strongly related to the propensity to respond, these weights are essential to accurately assess response. Estimates using these weights are useful for assessing operational effectiveness. The second set of weights account for the full probability of selection. These weights allow inference to the larger population and other sample designs. In order to compare the costs of the different treatments, it was necessary to create a cost model for the costs related to FtF interviewing. Field interviewers reported time on a daily basis. On the same day, they may have visited sample from all three arms of the experiment. They did not record the time devoted to sample in each experimental treatment separately. They did, however, record every attempt made to contact each household. They also reported travel time as a separate category on their time sheets. This information was used to model the costs of each arm. The costs for the mail survey, on the other hand, were known. These costs include printing materials, assembling the mailings, and postage.
The costs for FtF interviewing were allocated to each arm of the experiment using the following approach. The number of trips in each arm was calculated from the data. The interviewer hours reported to be spent in travel were then allocated to each arm proportional to the number of trips in that arm. The number of calls in each arm was also calculated from the data. The interviewer hours spent in activities other than travel were then allocated to each arm proportional to the number of calls made to cases in that arm. Interviewers also charged expenses for this travel. These charges are largely for mileage in their own automobiles. These charges were allocated across the treatment arms in the same way as the hours. Averaging over all the calls simplifies the problem as not all calls take the same amount of time. An interview certainly takes longer than an attempt at which no one is home.
The treatments will be compared in terms of response rates (to the screening interview and a subsequent follow-up in-depth interview), costs (estimated dollars and select measures of effort, such as number of FtF attempts per complete), and outcome measure (proportion of screened cases in the eligible age group). Design-based estimates of variance were used in all statistical comparisons. Table 1 presents several key statistics for each arm of the experiment. Overall, there was lower response to the mailed survey compared to the FtF survey. A combined total of 218 (144 þ 74) households from 1,205 (553 þ 652) interviewed in the two treatment arms with a mailed option responded to the mailed version of the survey.
Results
The final response rates to the screening interview across the three arms are nearly identical-ranging from 84% to 86% (second-phase weighted, 92-94% fully weighted). These differences in response rate are not statistically significant when using a Rao-Scott design-adjusted w 2 test (w 2 (2, 116) ¼ 1.795, p < 0.4075). These results are encouraging, as it appears that the contamination hypothesis does not apply. The use of a mailed screening survey in combination with FtF interviewing does not appear to depress response below that of the FtF-only mode. The eligibility rates differ across the three arms, ranging from 15% to 19% (second-phase weighted, 12-14% fully weighted). Using a Rao-Scott w 2 test, these differences are not statistically significant (w 2 (2, 116) ¼ 0.4467, p < 0.7998). Thus, it appears that the three treatments did not produce differences in the key measures.
The costs (estimated for the FtF portions) of the different treatment arms are shown in Table 2 . The costs of the mailed survey (incentives, formatting materials, printing, assembly of materials, and mailing) were relatively small per sampled unit. The differences in response rates to the mailed survey explain the differences in cost per complete. The FtFMail-FtF group produced fewer completes per mailing and, therefore, has a higher cost per complete. The total screening costs include both the costs of the mailed survey and the FtF attempts. It appears that the Mail-FtF arm is the most cost-effective approach. This arm has the largest proportion of screening interviews completed by mail. Since mail is the cheaper mode, this approach was the least costly. The FtF-Mail-FtF arm is more expensive (about 17% more) than Mail-FtF, but very close in cost to the FtFonly arm. The costs of the in-depth interview were actually less for the FtF-Mail-FtF arm, but the screening costs were sufficiently higher to make this arm the most expensive treatment of the three.
Finally, the screening interview is just a means for identifying persons who will be eligible for an in-depth interview. We were concerned that the mixedmode approach to screening might reduce our ability to obtain an in-depth interview. In other words, we wanted to evaluate the contamination hypothesis for this phase as well-even though the mixed modes were used in an earlier phase. This in-depth interview on the health and financial status of eligible persons is the ultimate goal of the survey. As a reminder, the in-depth interview was conducted in-person by an interviewer. That is, cases in every arm of the experiment received the same treatment for this part of the process. Table 2 includes the interview rates among the different treatment arms. From Table 2 , it appears that the FtF-Mail-FtF treatment may have led to better interview rates for the in-depth interview (73% vs. 67% for both the Mail-FtF and the FtF-only arms using the second-phase weight, 78% vs. 68% FtF, and 70% Mail-FfF). However, using the Rao-Scott w 2 test, these differences are not statistically significant (w 2 (2, 114) ¼ 4.4642, p < 0.1073). It may be that a significant difference could be detected with a larger sample size or it may be that this difference is due to sampling error. For this comparison, we had 1,372 cases in the FtF-only arm, 189 in the Mail-FtF group, and 180 in the FtF-Mail-Ftf group. In any event, it does seem that the mixed-mode treatment does not harm response rates and may-subject to further evidenceeven help response rates to the in-depth interview.
Although these response rates were very close, one important subgroup did experience significantly different response rates across the treatment groups. Interviewers record whether each sampled unit is in a locked building or gated community. It is more difficult to establish contact in these settings and, as a result, response rates are typically lower than in places without these impediments. In locked buildings and gated communities, FtF-Mail-FtF had a response rate of 67% on the in-depth interview. This was significantly higher (Rao-Scott w 2 test of independence, p < .0001) than for either FtF (46%) or Mail-Ftf (41%). The intent was to treat cases equally across the treatment arms. However, it was difficult to implement the same FtF effort across all cases. In the FtF-MailFtF arm, 97% of cases received at least one FtF attempt before the mailed survey was sent. The mean number of attempts on these cases before sending the mailed survey was 2.75, with a median of 2. The two treatment arms (Mail-FtF and FtF-Mail-FtF) received approximately equivalent effort by the end of data collection. This can be measured by the average number of attempts on nonfinal cases. This was 8.71 (standard error [SE] = 0.452) for the Mail-FtF arm and 9.04 (SE = 0.373) for the FtF-Mail-FtF arm. These means are not significantly different. Cases in both of these arms received the same number of mail attempts-two mailings for those who failed to respond to the first mailing.
Although the in-depth interview rates were not significantly different across the treatments, there were differences in costs. The Mail-FtF treatment was the cheapest, while the FtF-Mail-FtF and FtF arms were somewhat more expensive. The in-depth interview costs were lowest for the FtF-Mail-FtF arm.
Further, an examination of the calls required to complete the in-depth interview (including calls to cases that were never completed) revealed that the FtFonly cases required, on average, 20.6 (SE = 1.18) attempts per interview. The Mail-FtF groups required 24.0 (SE = 2.62) attempts per completed in-depth interview. The FtF-Mail-FtF group, on the other hand, required only 19.1 (SE = 3.40) attempts per completed in-depth interview. This is in line with the expectation that the screening costs for FtF-Mail-FtF are higher, while the costs for the in-depth interviewing are lower. For a single-stage survey (e.g., no screening), Mail-FtF may be preferred as it has equivalent response rates and lower costs. The decision for a two-stage survey is more complex. The FtF-Mail-FtF mode sequence might be preferred for such a survey if a somewhat higher response rate is desired. But this will likely come at a higher cost.
The eligibility rate for the HRS was quite low, given the focus on individuals born between 1948 and 1959. For a survey with a higher eligibility rate, the overall cost might be lower for the FtF-Mail-FtF design. In such a survey, the in-depth interview would be a larger proportion of the total costs. Since this part of the process appears to be cheaper for the FtFMail-FtF sequence, this may become cheaper than the other two design options at higher rates of eligibility.
Discussion
We found that it is possible to introduce a mixed-mode procedure to a screening interview process that is usually done FtF. The use of a mode (mail) that usually has lower response rates did not harm the overall response rate. In other words, there was no evidence of a contamination effect.
In addition, the mixed-mode survey that used the mail mode as the second mode-while being somewhat more expensive-led to higher response rates with the follow-up in-depth survey. We note the interesting result that the FtF-Mail-FtF sequence had a higher response rate in locked buildings and gated communities than the other treatments. As a result, this sequence may be preferred, even at the higher cost, as the higher response rate might justify the increase in cost.
The experiment is subject to some limitations. Future research will be directed at these issues. The experiment was conducted on a limited domain. The sample was drawn from all neighborhoods with at least 10% black or 10% Hispanic population. The response rate to our mailed survey was quite low in both treatment arms. We speculate that this may be due to the low saliency of a screening survey that only asks for a listing of adult household members. We also only had two mailings over a 5-week period. The use of a more elaborate mail survey design, such as total design method (Dillman, Smyth, et al. 2009 ), could lead to increased response rates. These increased response rates would likely further tip the balance toward sequences which include a mailed component. Higher response rates to the mailed survey are likely to lead to cost savings as the mailed survey is less expensive to administer.
It is also possible that higher mailed survey response rates could ameliorate the impact of the mode sequence on the in-depth interview rate. The indepth interview was only for persons born between 1948 and 1959. Other populations may respond to second-stage requests differently. We might also consider adding content to the screening survey. The additional content may be useful for nonresponse adjustments and/or of interest substantively. It may also make the survey more salient for parts of the sample. Finally, our survey separated the screening and in-depth interviewing. In the majority of cases, each of these interviews required separate visits. If both interviews could be completed on a single visit, this might reduce the cost of FtF interviewing relative to the mailed survey.
Our conclusion is that given these essential survey conditions, a mixedmode approach does not harm response rates to a screening interview. Improved design for the mailed survey should lead to cost savings by increasing response rates to the mailed component, which has lower costs. We found that an FtF attempt followed by a mailed follow-up may be more effective than the other treatments at producing higher response rates, although further evidence on this point is needed. We also found that it is important to look beyond the immediate phase of the survey on which an experiment is being run to see if any effects on subsequent phases may result. In this case, the modes used for a screening survey and the sequence in which they were used may have some effect on our subsequent ability to conduct an in-depth interview. For this reason, it is important to consider the survey process as a whole, rather than considering each successive stage separately.
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